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I. IRTRODUOTIOH 
One of tlie fields of research now occupying the at­
tention of various agencies' is the practical commercial 
ut^i2ation of agricultural wastes such as the cornstalk, 
corncob, oat hulls and the like. One method of utilization 
holding promise is the production of chemicals by the fer­
mentation of these products. The commercial production of 
chemicals by fermentation of agricultural products is old 
but until recently was practically limited to the chemicals 
ethyl alcohol and acetic acid from the grains and fruits, 
later black strap molasses, a waste product from the cane 
sugar industry has become an isiportant source of ethyl alco­
hol and glycerol. One of the most significant recent de­
velopments in the field has been the large scale production 
of butyl alcohol and acetone by the anaerobic fermentation 
of corn. One plant uses thousands of bushels of corn per 
day in this process. 
The commercial processes mentioned deal for the most 
part with the fermentation of cellulose, disaccharides such 
as cane sugar and maltose, or monoraccharide hexoses siwh 
as dextrose. 
The agricultural waste products, such as cornstalks, 
corncobs and oat hulls, contain a large proportion of 
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pentosans, which are carbohydrate materials yielding pen­
toses, especially xylose, upon hydrolysis. In the utili­
zation of these materials it is necessary to deal with and 
develop the fermentation chemistry of the pentosans. Before 
proceeding directly with the pentosans it is necessary to 
know more about the chemism of organisms acting on a pure 
pentose such as xylose. Such was the purpose of this investi­
gation. The ultimate goal would be to take a typical fer­
mentation and make a coK5)lete study of the effect of physical 
and chemical environment on the kind and amount of substait-
ces prodi^ed, with a view to control of yields of valu^le 
products. 
Due to the con^jlexity of the problem and more imme­
diately to the unsatisfactory state of analytical methods 
in this type of work it has developed that this report is 
preliminary in nature, covering the qualitative analysis for 
the products produced by Aerobacter faenl on xylose and suc­
rose, and a preliminary study of the relative amounts of 
the products produced under aerobic and anaerobic conditions. 
This problem involves a knowledge of both bacteriology 
and chemistry and as such is best advanced by the utmost in 
cooperation between the departments of chemistry and bac­
teriology. Hence the attack on this problem has involved 
- 6 -
the collaboration of the bacteriologist, the plant chemist 
and the bio-physical chemist* 
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II. HISTORICAL 
CoD^aratively few studies liave been made of the fer­
mentation of xylose, in ^ ich the dissimilation products 
have been adequately identified. The work which has been 
done is summarized in Table I. References where impure or 
mixed cultures were used are not included, nor are those 
where it was simply reported that the organism utilized 
xylose as a source of carbon, 
TABLE I 
DISSIMIUTIOU PRODUCTS OF XSfLOSS 
Organism Products Authority 
Friedlander's 
•Dneumobacillus 
acetic ao., ethyl ale., 
l-lactic ac.. succinic ac 
Grimbert, 
1896. 
Sorbose bacterium xylonic ac* Bertrand, 
1S98 
Oitromyces citric ac. Weluner, 
1913 
Lactobacillus 
pentoaceticus 
acetic ac., 
lactic ac. 
Fred, Peter­
son and Dav-
enoort. 1919 
B. acetoethvlioum acetone, ethyl ale. JUorthrop, 
Ashe and ifcr-
gan. 1919 
B. acetoethylicum acetone, ethyl ale. 
formic ac. 
Northrop, 
Ashe and Sen­
ior, 1919 
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TABLE I (Cont*d.) 
DISSIMILATION PRODOOTS OF XYLOSE 
Organism Products Authority 
B. lactis aerosenes. 
B, para typhoid, 
B. tyoHosus 
acetic ac., butyric ac., 
etbyl ale., formic ac., 
lactic ac.. succinic ac. 
Fred and 
Peterson, 
1920 
B. aoetoetliylicura acetic ac., formic ac., 
lactic ac., ethyl ale., 
acetone, COg. 
Arzberger, 
Peterson 
and Fred, 
1920 
Lactobacillus 
pentoacetious 
acetic ac., 
lactic ac. 
Anderson, 
Fred and 
Peterson, 
1920 ^ 
Lactobacillus pentosui 
Lactobacillus pento-
aceticus 
3,acetic ac.* 
lactic ac. 
Fred, 
Peterson 
and And­
erson. 1931 
B. granulobacter 
pectinovorixm 
acetic ac,> acetone, 
butyl alc.j butyric ac,, 
lactic ac* 
Speakman, 
1923 
Acetobacter xylinum, 
B« herbicola aureum, 
B. TTulsatuSi 
acetone, OC^, 
ethyl ale. 
Fred, 
Peterson 
and And­
erson. 1923 
B* granulobacter 
pectinovorum 
acetone, butyl ale,, 
OOg 
Peterson, 
Fred and 
Schmidt, 
1924 
Sacc. cerevisiae ethyl ale., , 
fflvceric aldehyde (?) 
Abbott, 
1926 
Asp. niger citric ac,, oxalic ac. Amelung, 
1927 
Asp. niger citric ac,, oxalic ac. 
Bernhauer, 
1928 
Pr op ionibac t er ium 
pentosaceum 
« 
1 • , ^ ^ 
acetic ac,, OC^, 
propionic ac. 
Werkman, 
Fulaer- and 
Rayburn, 
1929 
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III. DSSCHXPTIOl? OF THE ORGANISM USED 
The organism finally decided upon is known as Aero-
bacter faeni, n.sp. which was Isolated and identified by 
Burkey (1928) in his studies on bacteria attacking con­
stituents of the cornstalk. This organism, among other ad­
vantages, will grow well in a medium containing inorganic 
nitrogen in the form of ammonium salts. It grows rapidly on 
xylose, produces gas, and is relatively easy to handle. 
The description of the organism as given by Burkey fol­
lows; 
"Hon-motile rods, 1.0/*-broad and l.O/to 3.0>( long, 
conforming to the generic diagnosis. Acid and 
gas produced from the mono- and di-saccharides, 
including melezitose, from pentose sugars,raffi-
nose, rhamnose, trehalose, salicin, aesculin, 
all the alcohols except eryiihritol, from glycogen, 
soluble starch, and pectin. Ho fermentation from 
amygdalin, inuiin, or the pentosans. Acid and 
gas in litmus milk. Indol produced. Gelatin 
not liquified. Isolated from hay infusion,*' 
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IV. SXPERIMERTAL 
A. Development of the Medium. 
The niediusi used at first was arbitrarily laade up and 
contained the usual inorganic components of a typical 
nutrient medium. 
Later the use of HaOl and was discontinued 
with no apparent decrease in the growth of the organism, 
Experiments were undertaken to find whether there is an 
optimum concentration of the ammoniuia chloride or of the 
phosphate. 
1» Effect of varying concentration of 1^401 on the 
amount of xylose utilized. 
The medium consisted of, 
NaOl 
3*0 g, 
4.0 g. 
OcS g, 
6.0 g. 
lO.O g, 
10,0 g. 
%S04.7H20 
NH4OI 
CaOO^ 
sugar 
Hade up to 1 liter with distilled water 
Xylose 
2gHP04*3H30 
UH^Cl 
0,5 g. 
0.1 g. 
varying amounts 
made vp to 50 cc with distilled water. 
- 11 
Erlenmeyer flasks of 125 oc capacity, closed with cotton 
plugs, were used as containers. The media were sterilized 
at 15 lbs. pressure for 15 minutes, and after cooling were 
inoculated with 1 oc of a 24 hr, culture, and incubated at 
37®0, After the fermentation had proceeded for 10 days, 
the contents of each flaskrere made up to 100 cc and an?-
alyzed for xylose by the phloroglucinal method as described 
in the Official Methods of the A.O.A.C, The results are 
given in Table II. 
TABLE II. 
SFFSOT OF VARYING COMCSOTEATIONS OF AMMONIUM CHLO-
aiDS ON TH3 AMOUIIT OF XYLOSE UTILIZED. pH 7,2-6.5 
Flask 
luniber 
HH4CI 
in gm» Growth 
Unused xylose 
in gm. 
1 0.000® + 0.320 
2 0.001 + 0.430 
3 0.010 0.418 
4 0.050 + 0.384 
5 0.100 0.408 
6 6 0.200 + 0.440 
7 0.400 0.374 
8 0.600 + 0.440 
9 0.800 t S 0.400 
Some HH^Ol ad.ded in inoculum. 
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TABLS II. (Oont*d.) 
Flask 
lumber 
rn^pi 
in @tzi. Growth 
Unused xylose 
in gm. 
10 1.000 0.414 
11 2.000 
12 3.000 •M 
The results were inconclusive. It was thought that the 
acidity developed during the fermentation might have been a 
contributing factor so an ei^qperiment was made using a liter of 
medium containing 
K2HP04,3H20 2.0 g. 
IIH4OI 6.0 g. 
Xylose 20.0 g. 
made up to 1 liter with distilled water. The medium was di~ 
vided into two equal portions and each placed in a 1 liter 
Srlenmeyer flask. To one flask were added 10 g. of precipi­
tated OaOOg. Both flasks were plugged with cotton and ster-
I ilized at 15 lbs. for 20 minutes. 
I The pH after sterilization was 7«1 as determined by 
i 
the quinhydrone electrode. 
Sach flask was inoculated with 1 cc of a 24 hr. cult-
I ure. After 5 days the evolution of gas in the flask without 
I 
I carbonate had practically stopped and the pH was found to be 
t 
\ 
4,2. 8ome 0.2 H sterile HaOH was added which brought the pH 
- 13 -
close to neutrality, the next day the pH was down to 4.1 so 
more was added» After the medium had been neutralized 4 
times in all the fermentation stopped, and analysis showed no 
xylose present. 
Ten days after inoculation the ©volution of gas in the 
flas^ containing carbonate had ceased, analysis showed only a 
trace of unfermented xylose, the pE of the solution was 5.8. 
With this fact in mind another att^i^jt icas made to 
determine the optimum concentration of the ananonixim chloride, 
and the phosphate. Sjplenmeyer flasks of 125 cc capacity were 
used, containing 50 co of medium and closed with cotton plugs, 
fhe following media were usedj 
(a) 0.1 g K2HP04,3H20 
4.0 g Xylose 
S.O g 0ai?02 
I Varying amounts of ISH^ Ol 
I 50 CO of distilled water 
I (b) 0.3 g HH^Ol 
i - . 
I 4.0 g Xylose 
i 
I 2.0 g 'CaiGO^  
I Varying amounts of K2HPO4.3H2O 
I 50 CO of distilled water, 
I In these experiments an attempt was made to adjust all of the 
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flasks to tlie pH of 7. The method ased ma to makei|) twice 
the ajnount of the desired solutions and divide into two equal 
portions. To one portion of each solution was added a de­
finite amount of rosolie acid and then 0»1 H KOS or 0»1 H31 
was added until the color matched a standard solution of 
pH - 7 -grhich contained the same amount of indicator. The pro­
per amount of SOH or B31 urns then added to the other half of 
the solution. (The purpose of this scheme was to get around 
using an internal indicator. However, it was found later 
that rosolie acid was very satisfactory as an internal indi­
cator with this organism.) The flaslcs were sterilized 15 
minutes at 15 lbs. pressure, inoculated with 1 drop of a 24 
hour culture and incubated at 37°. At the end of 12 days the 
flasks were analyzed for unused xylose. The results are giv­
en in Table III. 
TABLE III 
(a) Effect of varying concentrations of EHaOI on Xylose util» 
ized. 
(b) Effect of varying concentrations of %E?04.3H20 on Xylose 
utilized. 
Slask 
ETumber 
UHaQI in gm. ; (jb:owth t Unused Xylose ) 
" :• , : in gm. ( 
0*01 t 4 t 2.48 ( 
' 5 )(a) 
0>1Q i r 1.76 
0.30 : s 1.50 • 
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TABLiE III. (Cont'd,) 
Flask 
N\«nber 
IIH4.OI in gm. Growth Unused Xylose ) 
in grm. { 
4 0.70 1 
5 1.00 i 
STasK 
Humber in 
urowxn unusea Ayxose ; 
in ^ m* [ 
6 0.01 r 
} 
0.9S ( 
7 0.05 • i 1.15 ( 
3 0.10 * 1.35 ( 
9 0.50 2.76 1 
10 0.70 t 2.94 ( 
For some unknown reason growth did not occur in flasks 
4 and 5« It was not due to the concentration of KH4OI however 
^ as shown in the previous experiment. The maximum utilization 
I of sugar for HH^pi occurred in flask Hb. 3 containing 
5 SH4OI, The maximum utilization of sugar for the phosphate oc-
j ourred in flask Hb. 6 containing 0»02^ K2HP04«3H20. 
'j 
In order to check the experiment with the phosphate, 
I 
1 another e:^erinient was made using the optimum concentration of 
t 
I II%C1. The experiment was carried out as before. After 9 days 
I 
j of fermentation the flasks were analyzed for unused xylose. 
I The results are given in Table IV. 
TABLE I?. 
SFFEOT OF VARYIIG COEODETHATIOHS OF KgHP^.SHaO ON THIS AMOUNT 
OF XYLOSE UTILIZED, 
Slask 
Kumber 
K2HP04.Sife0 
in m» 
Itaused Xylose 
in eja. 
1 0.005 1.68 
2 0.010 1.49 
3 0.050 1.20 
4 0.100 1.73 
From these ejqserlments it appears that the optimum con­
centration of NH^Ol is about 6 g* per liter, and that of 
K2HP04»3%0 is about 1*0 g. per liter« It would appear tlmt 
the maximum amount of xylose that can be utilized is about 70 g 
per liter. 
In one experiment in which a large volume of medium 
containing sucrose was used to prepare a larger amount of 
material for investigation,anit^ water was en^loyed instead 
of distilled water, there seemed to be a more rapid fermenta­
tion than with a similar flask where distilled water had been 
used. This su^ested that perhaps % SO4 might be helpful. 
To test this experiments were performed using the following 
media: 
17 -
# Hasri. 
9 
/ 3»5,g xylose 3 
0,6 g ijH401 
G,1 g S;3HP04^ 3H20 
5 g b^^Og 
made t?) to 100 GC with distilled water. 
# X 
Flask 3, / 
1 
Same with addi^lion of 0»1 g % SO^. 
After 7 days the contents of ^ he\flasks were analyzed for xy^ 
lose. Flask No# 1 contained 0.04|2_gm unfermented xylose. 
/ 
Flask Ho. 2 contained 0,039^gm unfermented xylose. While 
these results are too meager to he conclusive the advantage 
seeBis to be slightly in favor of the Mg 8O4 being present. 
So in the later part of the work it was used in the propor­
tion of 1 g, per liter. l?o atten^t was made to find an opti-
t I 
j mua concentration becaujse early in the work it had been found 
1 that Mg QOg could be suibstituted for OaOC^ as a buffer for 
I the fermenta-tion. In this connection it was found that the 
> 
I 
I Mg GOg must be sterilized separately and then added to the 
I cold raediiffii. If it is sterilized in the medium enough Mg 0§3 
I dissolves to make the medium sufficiently alkaline to prevent 
i growth. 
i 
I The mediuai as finally adopted for the quantitative ex-
I 
i periments had the following ooiaposition. 
Medium A 
Sugar 
B^Ol 
20»0 g 
6,0 g 
%HP04,3H20 1,0 g 
Mg SO^.TEqO 1. g 
Ife.de upt} 1 liter T?ith distilled water. 
OaJCJOg , precipitated, 10.0 g 
Tlie pH of tlxis medium ^ en made was never far from 
7.2, after sterilization it was found that the pH had consist­
ently dropped a^)out 0»S, 
B, Qualitative Analysis. 
1, Discussion. 
Since nothing was known of the nature of the products 
produced by this organism, other than the results of the stand­
ard tests used in classifying it, it was necessary to make a 
1 qualitative analysis of the products resulting from the fer-
f mentation. As the result of a large number of tests on the 
s 
i mixtures the following substances have been found: Ethyl al-
I 
i cohol, 2-3-butylene gpLycol, acetylmethyl caibinol, acetic 
j acid, formic acid, suooinic acid, l-lactic acid, OOg, Efe, and 
I butyric acid. The general method used by the organic chem-
I ist in identifying the confounds in a mixture is to separate 
I 
i them by various physical and chemical procedures, to purify 
' them and then to identify them by elementary analysis, de­
termination of physical constants and preparation of deriva­
tives. In practice this method is somewhat modified in identi­
fying the products formed in fermentation-, since the solu­
tions are diluted instead of concentrated and some of the pro­
ducts are present only in infinitesimal amounts. In this 
type of work sensitive specific tests are much to be desired. 
The compounds or groups of coa^ounds produced are often char­
acteristic of the species of organism used, in fact this is 
one "basis of bacteriological classification. As a result the 
usual practice is to first make specific tests for those sub­
stances whose presence is suspected. The next step is to dis­
cover by analysis if all of the carbon is accounted for. If 
; the amount not accounted for is larger than the error allowed 
by the methods of separation and analysis used a more syste-
I matio investigation is necessary. In this work it was not 
5 found feasible to ferment a large amount of medium and then 
I make all the qualitative tests on its contents, for as soon as 
i the flask has been opened it is si&ject to contamination from 
•J 
i other bacteria and molds. Instead, the various fractionsre-
I suiting from separation, such as volatile aiBids, non-volatile 
I 
I acids etc., from a number of flasks were carefully examined. 
1 ' 
I Finally when the various products were identified, and the 
I methods of separation were developed, a qualitative examin-
I ation was made for these produote on the contents of a single 
j flask* 
j 
i At the time this work was inaugurated the price of 
i xylose was listed at about |100 per pound. For this reason 
it was decided to use sucrose when it was desired to obtain 
a large amount of some product for closer investigation and 
developinent of analytical methods. It is well known that as 
a general rule the same products are produced by a given or­
ganism from any sugar which it will ferment. The ratio of the 
products produced may or may not vary. To make sure however 
that the same products were produced from both xjrloee and 
sucrose, a coE5)lete qualitative analysis was carried out on 
both sugars. 
2. The Identification of the Products Formed from 
Xylose and Sucrose• 
i 
I The medium used was composed as follows: 
I KgHP04.3H20 8.0 g 
I 4,0 g 
! % SO4 0.2 g 
i 
1 SH4OI 6,0 g 
I OaOOg 10,0 g 
I 
I Xylose 20,00g 
I Made up to 1000 cc with distilled water. 
The medium was placed in a 2 liter Srlenmeyer flask. 
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closed with a cotton plug and sterilized 1/2 hr, at 15 lbs. 
pressure. After cooling to room ten5)erature it was inoculated 
with 5 CO of a 24 hour culture and Incubated at 37°. 
At the end of 8 days the fermentation had apparently 
ceased, so the contents were subjected to investigation. The 
tests were carried out as follows. 
Xylose. A 25 oo portion was tested for unused xylose 
by meam of-the phloroglucinol method as described in the Of­
ficial Methods of the A.O.A.O* This method is quantitative 
and is based on the transformation of the xylose to furfurol 
when treated with 12^ H 01. The furfural is then determined 
by precipitating it as the furfural phlorogluoide which can be 
filtered and weighed. JJo xylose remained unfermented. 
Aoetvlmethyl carbinol and 2-2~3utvlene glycol. The so­
lution was tested for the presence of acetylmethyl carbiml 
and 2-3-butylene ^ ycol by the specific test devised by Lemoigne 
(1920) and modified by Eluyner, Donker and TisserH Hooft (1925). 
Both products were found to be present, the 2-3-butylene gly­
col apparently predominating in amount. The test was carried 
out as follows. A 15 cc sample of the neutralized solution 
was placed in a 500 cc distilling flask, connected to a water 
cooled condenser etnd mixed with 5 cc of a 45^ ferric chloride 
solution and 1 cc of 0.5 H acetic acid. Heat was applied and 
10 cc slowly distilled into a test tube. The distillate was 
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mixed with 1 cc of a 20^ water solution of hydroxylamine hy-
droctlpride, 2 co of a 20}& solution of sodium acetate and about 
5 drops of nickel chloride solution. The mixture was then 
boiled for a few minutes. A precipitate of fine red needles 
was formed if acetylmethyl carbinol was present in the original 
solution. 
The test is due to the oxidation, by ferric chloride, 
of the acetylmethyl oarbinol to the easily volatilized dia-
oetyl which is distilled off. The diacetyl reacts with the 
hydroxylamine to form dimethyl glyoxime which in turn reacts 
with the nickel chloride to form the characteristic led insol­
uble nickel dimethyl g^^xiae. These transformations can be 
symbolized as follows: 
CH3 - C = 0 FeOlg. ^^2 - G - 0 ~ 0 - W - OH 
OH3 - 0 - OH ^ OH3 - 0 _ - 0 = E - ffi 
H 
Acetylmethyl oarbinol diacetyl dlmethylglyoiaime 
OH3 - 0 r ^ - OH HO ir 5t C - CH3 
I KiOlp / / 
^ C ^  N - 0 - Ni - 0 — H « 0 - OH3 
Wickel dimethylglyoxime 
I The ferric chloride oxidizes the acetylaiethylcarbinol but not 
I the 2-3-butylene gl3rcol. Bromine, in the presence of iron 
I salts, oxidizes 2-3-^utylene glycol to diacetyl. The glycol 
^ can therefore be tested for in the residue from the acetyl-
-23-
methyl oarbinol test. The glycol, having a low vapor pressure, 
is not appreciably lost when the diacetyl is distilled off* 
The test was carried out as follows. The residue im the dis­
tilling flask was mixed with 15 oc of water, 2 oc of bromine 
and 3 g. of solid sodium acetate and refluxed for 20 minutes 
on a water bath. The most satisfactory apparatus in which to 
carry out the bromine treatment was found to be a soil flask. 
This consists of an Srlenmeyer flask with a ground glass 
stopper in which is sealed a straight tube about 100 cm long. 
The water jacket of a condenser can be attached to it to make 
a .water cooled reflux condenser. After cooling to room tem­
perature the solution was decanted from any liquid bromine re­
maining. The bromine in the solution was exactly neutralized 
by means of a saturated solution of sodium thiosulfate, using 
starch potassium iodide test papers to determine the neutral­
ization point. The solution was then slowly distilled, 10 cc 
were collected, neutralized to litmus with HaOH and tested for 
diacetyl as above. 
OH, - OHOH Bro OH3 - 0 « 0 
^ i 2 
FeOls 
OH3 - OHOH OH3 - 0 = 0 
2-3, butylene glycol diacetyl 
Alcohol. The remainder of the solution was made dis­
tinctly alkaline to litmus with 0a(0H)2, filtered from excess 
0ajC03 and distilled, first at atmospheric pressure, then fi-
|i - 24 -
k 
i nally under reduced pressure (20 mm at 55° C) until less than 
I 50 CO remained. This distillate was mixed with 50 g NaHSOg to 
I hold back the acetylmethyl carbinol, and distilled until about 
; 100 cc remained. This distillate which was slightly acid due 
: to the presence of some 80^, was made alkaline with HaCH and 
again distilled, using a short fractionating column. The dis­
tillation was continued until less than 100 cc of solution re­
mained in the distilling flask. The distillate, which was 
neutral to litmus, was mixed with about 25 g of potassium 
dichromate and 50 cc of concentrated sulfuric acid and then 
refluxed for 15 minutes. After cooling to room temperature 
the solution was transferred to a distilling flask and dis­
tilled until about 200 cc remained. This residue was subject­
ed to steam distillation until a 10 cc fraction of the dis­
tillate collected In a test tube did not decolorize one drop 
of phenolphthalin In 1 drop of 0,1 H Na0H« The acid distil-
i late was made up to 1 liter and a 50 cc portion titrated with 
5 O.OSll H Ba(OH^using phenolphthalim as indicator. The amount 
I required was 19,15 cc. A 400 cc portion, equivalent to 
I 153,2 cc of 0,0611 IT Ba(0H)2, was then subjected to a Duclaus 
J 
I distillation as modified by Knetemann, (See description in 
{ 
] the section on quantitative analytical methods,) The results 
i 
I are given in Table V, 
TABLS Y. 
; DISTILLIKa 00K3TANTS OF VOLATItE AOID PRODUOSD FROM AISQHOL. 
Ho. of cc Dis­
tilled from 
400 cc• 
00 §.0611 H 
Ba(0H)2 re-
auired 
ft 
« 
• 
« 
f) Aold in : 
Distillate; 
ft 
Aold for pure 
Acetic. (Kjiete-
mann). 
B) 12.8 
• 
• 
« 
• 
ft. 
8.3 ; 8.2 
100 13.6 
t 
• 
• 
o 
17.2 : 16.8 
150 14.3 
'ft 
ft 
• 
ft 
26.6 S 26.1 
200 15.2 
• 
• 
ft 
• 
ft 
36.5 : 36.1 
250 16.3 
» ft 
ft ft 
ft. 
47.2 ; 46.9 
300 la.o 
• 
• 
ft ft 
ft. 
58.9 : 59.1 
The diatilllng constants, as shown in the table for the acid 
obtained by oxidation of the alcohol, agree very well with the 
distilling constants for pure acetic acid. Confirmation TIES 
obtained by neutralising the remainder of the solution with 
SoOH, evaporating to and preparing the p.- toluide as 
t described by Mulliken (1904 pp. 81-2). The p-toluide melted 
I sharply at 147®. The melting points of the p*-toluides of the 
I volatile acids are given by Mulliken as follows: 
I Acetic acid, acet-p-toluide m.p» 14S°-7° 
i 
I 
Propionic acid propion:-p-toluide m.p. 123.5®- 124,5® 
H. Butyric acid butyr-p-toluide m»p. 72.5° - 73.5® 
This proves ethgrl alcohol to be the only volatile alcohol pre-
I sent in appreciable quantities in the fermentation mixture. 
'5 ' * 
I Volatile Acids* The residue from the removal of the 
\ neutral volatile products was acidified to Congo-Red paper with 
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dilute HgSO^ and subjected to steam distillation. The dis­
tillation was discontinued when a fraction of more than 5 cc 
of distillate was required to decolorize 1 drop of phenolph-
thalein in 1 drop of O.IH SfaOH. The distillate, about 1500 cc^ 
was made up to 2 liters and an aliquot portion titrated. It 
was found that 400 oo were equivalent to 105 oc of 0.0611 H 
BaCOH)^. A 400 co portion was then subjected to a Knetemann 
distillation. The results are given in Table TTI. 
TABLE VI. 
DISTILLATION OONSTAHTS OF VOUTILE AO IDS 
00 Distil­
led from 
400 CO 
CC.0611 I 
Ba{OH)p re-
auired 
^ Acid in 
Distil­
late 
^ Acid for 
Pure Formic 
(Knetemann) 
'/b Acid 
Pure 
Acetic 
50 7.5 7.1 4.7 8.2 
100 8.2 14.9 10,0 16.8 
150 8.4 22.9 16.0 26.1 
200 9*2 31.7 22.6 36,1 
250 10.1 41.3 30.5 46.9 
300 11.5 52.3 40.1 59.1 
I I 
I 
I The distilling constants in the table indicate that the vola-
I tile acids are largely formic and acetic, thouglyfche evidence 
f 
I is not conclusive since these results might conceivably be ob-
I tained by a mixture of formic with one of the higher volatile 
I 
I acids such as propronio or butyric. To clear up this point 
! one half of the remaining acid solution was neutralized with 
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HaOS and evaporated 0025)1 etely to dryness. The salt obtained 
was tested for formates by dissolving part of it in water con­
taining a little HgPlg, and boiling. A white precipitate of 
KggGl^ was obtained, which under the conditions used is a 
positive test for formic acid, k little of the salt was also 
boiled with AgUO^. A black precipitate of metallic silver 
was obtained showing the pressure of formates. The salt also 
reduced alkaline potassium permanganate. (Mulliken 1904, p,83 
and Allen I p. 486) The results obtained in the manner des­
cribed are satisfactory proof of the presence of formic acid. 
The remainder of the sodium salt was examined to determine the 
nature of the other volatile acid radicals by preparing the 
p^toluides as described above. After several recrystalli-
zations a p^toluide was obtained which melted at 148®, shotnH 
ing the presence of acetic acid in the fermentation mixture. 
These results show that the only volatile acids present in 
appreciable amounts are formic acid and acetic acid. 
Non^Volatile Acids. The residue from the steam dis­
tillation of the volatile acids was extracted continuously 
with ether for 72 hours in an apparatus described later. The 
ether extract was added to about 400 cc of water and the 
ether removied by warming on a ts/ater bath. The solution was 
then boiled for a few minutes and titrated hot with 0.25 K 
BaCOH)^ using phenolphthalsLn as indicator. The solution, 
containing the barium salts of the non-volatile acids, was 
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then evaporated on a water bath to a volume of about 30 cc. 
It was then poured into 120 oo of 95^ ethyl alcohol and allow­
ed to stand for two days. The barium succinate is quite in-
soliible and precipitates out. Barium lactate is soluble un­
der these conditions. The precipitate was filtered off and 
dissolved in about 50 oo of water. A slight excess of %S04 
was added to precipitate the barium as BaSC^ and the solution 
was filtered and extracted for 48 hours with ether. The ex­
tract was evaporated to dryness and the crystals obtained were 
treated with p-toluidine in the manner described by Eilliken 
(p. 86). The melting point of the p-toluide obtained was 256^. 
The melting point given by Mullilcen for succinic acid p-toluide 
is 254.5® - 255.5®. The crystals of succinic acid when re-
crystallized from hot water, dried, and mixed with an authentic 
sample of succinic acid did not depress its melting point of 
186^. These results prove the presence of succinic acid. The 
solution remaining after filtering off the barium succinate wag 
tested for lactic acid by both the Uffelmann (1909), and 
Fletcher Hopkins (1907) tests. Both tests were positive. 
The Uffelmann test was carried out as follows. A re­
agent was prepared by mixing 10 cc of a 4^ solution of phenol 
with 20 cc of water and adding 1 drop of 1^ FeOlg. This forms 
a clear liquid of an amethyst color, which is turned yellow by 
a solution containing lactic acid. According to Uffelmann 
the test is sensitive to 1 part in 10,000 of lactic acid. 
29 
This test is not specific for lactic acid hut is given also "by 
tartaric, citric, msCLiQ, and oxalic acids. However, the pre­
sence of none of these other acids is to be expected in a fer­
mentation of this type. 
The Fletcher Hopkins test was carried out in the fol­
lowing manner, A few drops of the suspected solution, 5 cc 
of concentrated H3SO4, and a drop of a saturated OaSO^ so­
lution were heated in a test tube placed in a water bath for 
2 hours. The tube was cooled and 2-3 drops of a dilute so­
lution of thiophen (50 drops in 100 00 alcohol) were added. 
The presence of lactic acid was shown by the formation of a 
light cherry red color when the tube was again heated on the 
water bath. The reaction is due to the formation! of acetal-
dehyde from the lactic acid. The color is the result of a 
product formed by reaction of the acetoldehyde with thiophen. 
Both these tests, while giving a good indication of 
i 
i the presence of lactic acid, are not specific, so the zino 
1 
I salt was prepared. The alcoholic solution of the barium 
t 
I lactate was evaporated on the water bath to remove the alco-
I 
I hoi and the barium lactate was dissolved in about 100 cc of 
j water. The barium was removed by adding the theoretical 
I amount of 0.25 K H3SO4 to form BaSO^ which was filtered off. 
I The solution of lactic acid was then boiled with an excess of 
zinc carbonate and the excess zinc carbonate filtered off, 
I The solution was decolorized by boiling with a few grams of 
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tlie decolorizing carbon known as Horit and allowed to evapor­
ate at room temperature in the open air. After crystalliza­
tion the salt was dried to constant weight over sulfuric acid 
and the percent moisture determined by heating for 3 hours at 
103®-5®, It was found that the moisture content was 13^, Tht 
racemic zinc lactate has three molecules of water, or 18,17^, 
while the optically active form contains two molecules of 
water, or 12«9^, The salt when dissolved in water was found 
to be dextro rotatory when examined in a polarimeter. This 
shows that the free acid has a levo rotation. 
Gaseous Products* A small portion of the medium con­
taining xylose was placed in an ordinary fermentation tube, 
sterilized and inoculated with 1 oe of a 24 hour culture. 
After the evolution of gas had stopped, on the third day, the 
tube was filled with 25^ HaOH and shaken. The volume of gas 
decreased from 9^ cc to 4|- oc» The gas remaining exploded in 
air when ignited. This indicates that the gaseous product 
was composed of oarbondioxide and hydrogen in approximately 
equal parts by volume. 
In examining the products formed from sucrose the 
fermentation and analysis was carried out in exactly the same 
way as described for xylose*. The presence of unfermented 
sugar, however, was determined by the reducing power before 
and after inversion by hydroohline acid, as determined by the 
Shaffer Hartman (1921) method. 
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0> The Relative Amounts of the Products formed under Aerobic 
and Anaerobic Conditions from Xylose and Sucrose. 
1» Introduction. Before an exact study of the effect 
of environmental change on the amounts of various fermentation 
products formed can be made, it will be necessary to have very 
exact methods of analysis for these products. If the study 
were limited to the quantitative determination of a few se­
lected stibstances, such as carbon dioxide or unfermented xy­
lose, the problem would be much sin5»ler, for the analytical 
methods for these confounds are fairly precise. But with the 
analytical methods available at the present time an exact de­
termination of all the various products which are present in 
a fermentation mixture, such as results from the action of 
Aerobacter faenl on sugar, is in^ossible. 
In view of this fact it was decided to make a study of 
I'elative amounts of the various products formed under con­
ditions differing in environment as much as possible. Many 
organisms are quite sensitive to changes in chemical or physi­
cal environment and will not grow except under conditions 
varying within narrow limits# Aerobacter faeni. however, is 
a facultative organism growing almost equally well under both 
aerobic and anaerobic conditions. This suggested a study of 
this environmental change on the relative amounts of the 
various products formed. 
3» Procedure. All of the fermentations were carried 
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out in the same type of apparatus. AerolSs conditions were es­
tablished by passing aix through the flask, and for anaerobic 
conditions hydrogen was used. The description of the apparat­
us is as follows. (See Fig. 1.) 
A, The fermentation flask, a 2 1 Erlenmeyer. 
1. Gas inlet t\:fi)e containing a plug of cotton at 
the outer end. 
2. Gas outlet tube containing a glass stopcock. 
3. Tube for introducing inoculum. 
(a) Thick walled rubber tubing. 
(b) Screw clamp. 
(c) Cotton plug. 
B. Vanier absorption bottle containing 40^ KOH. 
G, Absorption bottle containing 0.5 K KOH. 
1. -Short piece of glass tubing filled with beads. 
2, Soda lime tube. 
S, ]11. Gas washing bottles containing stroi^ KOH, 
F. Mercury trap. 
1. Tube attached to gas source. 
Medium A (See p.l8 ) was used throughout the esperiment. Be­
cause of the deoomposiSion of xyclose at high temperatures in 
solutions containing salts, s eparate sterilization ^ ms em­
ployed when this sugar was used as substrate. The fermen?-
tation flask containing the medium was placed in the autoclave 
and sterilized 30 min. at 15 lbs. pressurd. During the pro­
cess the glass stopcock was closed and the &crew clan^) open. 
V . 
So: 
So 
" 5U 
O 
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After sterilization tlie flask was conneoted to the remainder 
of the apparatus, with the screw claoro closed and the stop­
cock open. A stream of gas was bubbled through the medium 
while it cooled so that it would be saturated with the 
After reaching the temperature of the incubator, (37®0), the 
flask was inoculated with 5 cc of a 34 hr. culture. On the 
next day, and each day followii^, the gas was shut off at 
(a) by means of a screw claiap, forcing it to escape through 
the mercury trap. The stopcock was then closed and the vanier 
bottle removed and weighed to determine the amount of OOg ab­
sorbed. To insure the presence of excess alkali the solution 
was renewed after 6 grams of OOg had been absorbed. After 
about 8-10 days, when practically all of the OOg had teen 
evolved, the aeration was stopped. The flask was then cooled 
to room tenperature and 10 cc of 40^ OOg - free HaOH added to 
it. The reason for adding the strong alkali was to make the 
solution sufficiently alkaline to prevent any further bacterial 
action. It had one unexpected but very satisfactory result. 
A flocculent precipitate was formed, probably magnesium am­
monium phosphate, which, when settling carried down with it 
all of the suspended bacteria, leaving the solution perfectly 
clear. The solid material was filtered off and washed. The 
filtrate and washings were made IQ) to 2 liters with OOg - free 
distilled water and analysed by the methods described below. 
5. Methods of Analysis naed. Each different combination 
of products will require a slightly different method of approach 
in oheraical analysis. In the methods described below only the 
substances, which have been found present by the qualitative 
analysis, are considered. 
Oarbon dioxide* fhe amount of OOg produced in the fer­
mentation was calculated after determining the amount absorbed 
in the absorption train, the amount present in the medium and 
the amount in the solids which had been filtered off. From 
this total was subtracted the amount originally present in the 
10 g» of OaOOg, The difference was the amount produced from 
the sugar. As stated previously, the amount of OC^ absorbed 
in the vanier bottle was determined by weight. The amount in 
the other gas absorption bottle was determined by titrating 
an aliquot portion with 0.5 I HOI, using phenolphthalein as 
indicator, after the addition of sufficient 2 H BajOlg to pre­
cipitate the carbonate. By knowing the value of the blank the 
I amount of COg absorbed could be calculated. The amount of 
OOg present in the fermentation mixture was calculated from 
the determination of OOg in a 200 co aliquot portion. The ap­
paratus used was that described by Heck (1929). The same ap­
paratus was used to determine the OOg present in the solid 
material except that a vanier bottle was inserted between the 
absorption flask and the remainder of the apparatus to take 
care of the large amount of OG^ evolved. 
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Aoetvlmethvlcaxbipol* Two methods were used in de­
termining the amount of this compound present in the mixture. 
The first method was the Kluyver, Donker and Visser*t Hooft 
(1925) modification of Lemoigne^s (1920) method as adapted 
for an analytical procedure by Wilson, Peterson and Fred (1927). 
The determination was carried out as follows. A 200 cc ali­
quot portion of the fermentation mixture was made just acid 
to litmus with acetic acid and mixed with 20 cc of 4C^tf FeOlg. 
The solution was then slowly distilled until 100-125 cc of 
distillate had "been collected. The distillate was mixed with 
10 cc of 2C:^ hydroxylamine hydrochloride, 20 cc of 20^ sodium 
acetate and 5 cc of IC^ nickel chloride, and refluxed for 15 
minutes. The precipitate of nickel dimethylglyoxime was filt­
ered In a Gkaoch crucible, dried and xvei^ed. Grams of nickel 
dimethylglyoxime X 0,6097 a grams of acetylmethylcarbinol. 
Apparently no work has been done to determine the com­
pleteness of the oxidation of acetylmethylcarbinol to diacetyl 
by Fe0l3. Wilson, Peterson and Fred (1927) found that by 
starting with pure diacetyl only 70-7^ was recovered as the 
nickel dimethylglyoxime. Results obtained in the present in­
vestigation indicate that the values obtained for acetymethyl-
carbinol by this method are consistently about 25^ lower than 
the values obtained by the second method, described below. 
By comparing these results with those obtained for pure dia­
cetyl mentioned above, it would appear that the oxidation to 
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diacetyl is con^lete but that a consistent loss of about 25^ 
of the diacetyl occurs during the distillation or subsequent 
treatment. 
The second method for the determination of acetyl-
methylcarbinol is based on the fact, discovered by Pechaann 
and Dahl (1890), that this substance reduces FehlingJs solur-
tion, KLing (1906) found that the reaction was quantitative, 
the only product of oxidation being acetic acid. He r^orted 
that 1 gram of acetylmethylcarbinol was equivalent to 2,85 
grams of copper T«hen oxidized by an alkaline solution of Cu 0. 
Walpole (1911) used the method for the determination of acetyl­
methylcarbinol in fermentation mixtures, he reported that 1 cc 
Fehlingfe solution s 2.48 Mg. of acetylmethylcarbinol. This 
indicates that Igram of the carbinol a 3.556 gm, Cu. Pedar-
son and Breed (1938) used the reduction method but used a 
calculated value based on the equation OH3OHOHCOOH3 Ou 0 
- 2 Oug 0 which gives the ratio between cuprous oxide and 
acetylmethylcarbinol as 1 to Qi2767 or 1 gram acetylmethyl 
carbinol ss 3.25 g. Qu. They considered their results too low. 
Since the reduction value of acetylmethylcarbinol was not 
known for the method of reduction .used in the Shaffer Hartmann 
procedure, the value obtained by KLing was arbitrarily chosen. 
The method was adapted to the present problem by determining 
the reducing power of an aliquot portion of the fermentation 
mixture using the Shaffer Hartmann method and making a coff— 
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r.gction for the amount of sugar and formic acid present. It 
is possible that some acetylmethylcarbinol was lost by aeration 
during the fermentation. 
2~3v3tttYlene Glycol. Attempts to determine 3-3, buty-
lene glycol by oxidation to diacetyl with bromine gave very in­
consistent results, confirming the experience of Donker (1926). 
the method adopted consisted in extracting the glycol and 
weighing it. The determination was carried out in the follow­
ing manner. 
A 500 cc aliquot portion of the fermentation mixture 
was evaporated uMer reduced pressure to a volume of about 
100 cc, keeping the temperature below 45°. The solution was 
then saturated with Ml and extracted for 72 hours with ether 
in the apparatus described below. (See Fig. 2.) 
A. 250 cc Distilling'flask. 
B. Hopkins Condenser. 
0. 250 cc Brlenmeyer flask. 
D. Electric hot plate. 
After the extraction was completed the extract was mixed with 
about 20 grams of anhydrous ©dium sulfate and allowed to stand 
over night. The salt was then filtered out and washed five 
or six times with ether which had been dried over sodium. The 
filtrate and washings were evaporated to a small volume and 
transferred to a weighing bottle. The remainder of the ether , 
was evaporated and the glycol allowed to attain constant weight 
riq2.-Ether EH ra,ct ion App^ra.tus. 
.0 
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in a desicoatox containing concentrated sulfuric acid. The 
amount of impurities in the glycol separated by this method 
is quite small, as wag found when this fraction from a large 
amount of fermentation mixture was examined. However, it is 
necessary that the solution should be strongly alkaline as 
otherwise some acids irill be extracted. When acetylmethyl-
carMnol was found to be present in the fermentation mixture, 
the aaiount of it present in the gpLycol extract ws.s determined 
and the correction applied. The determination was made by 
dissolving the glycol in water, making up to 100 cc and ex­
amining an aliquot portion for reducing power. 
Sugar. Xylose was determined in a 50 oc portion of 
the mixture by the phlorogluoinol method. Sucrose was cal­
culated from the difference in reducing power before and af­
ter inversion. Inversion was aoopmplished by mixing 50 oc of 
the mixture, which liad been made Just acid to litmus with 
HOI, with 5 cc of Oonc, HOI and allowing it to stand 24 hours 
at room temperature. The solution was then made just alka­
line 1d litmus with strong KOH, made up to 100 cc and an ali­
quot portion titrated by the Shaffer Hartmann method. In 
carrying out theieduction the method of heat control, using a 
manometer, which is described by Morrow (1927, - pp. 199-200) 
was used. 
Sthyl Alcohol. Most: of the methods in use for the . 
determination of small quantities of ethyl alcohol are based 
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on its oxidation to acetic acid by means of and %S04. 
The usual procedure is to distill off the alcohol from a 
neutral solution, treat the distillate with a mixture of 
potassium dichromate and sulfuric acid and distill with steam. 
The acetic acid in the distillate is then titrated with alkali. 
Dox and Larab (1916) modified the method so as to determine the 
alcohol in a small sample of soiution. Their modification 
consisted in removing the alcohol from a dilute alcoholic so­
lution saturated with ammonium sulfate, by passing air through 
it. The alcoholmpor was absorbed in oonoientrated sulfuric 
acid. The acid containing the alcohol was then mixed with 
K20r207 and steam distilled as described above. Tomoda (1929) 
modified the method of Dox and Lanib by saturating the solu­
tion with sodium bisulfite instead of ammonium sulfate, mak­
ing possible the determination of ethyl alcohol in the presence 
of volatile aldehydes and ketones. This method did not prove 
satisfactory in the present investigation because the very 
small sample (5 co out of 2000 co) introduced a large error. 
The method finally adopted was as follows ^ Two hun­
dred cubic centimeters of the fermentation mixture were mixed 
with 35 g. HaJOl and slowly distilled, using a fractionating 
column to keep back the 2-3, butylene glycol. A few pieces 
of porous plate were used to insure even boiling without 
superheating. About 125-150 cc of distillate were collected. 
The distillate was made .up to a volume of 200 co with OOg -
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free distilled water, and an aliquot portion examined for the 
amount of acetyimethyloarbinol present* A 50 oc portion of the 
distillate was then placed in a 150 co pressure bottle with 10 
grams of and 30 cc of 5C^ The toottle was then 
placed in boiling water for 2 0 minutes. After cooling, the so­
lution was siflDjected to steam distillation. Each 100 cc por­
tion of distillate as colleoted was titrated with 0.0611 K 
BaCcp)^, using phenolphthalein as indicator. The distillation 
was discontinued when the 100 cc portion of distillate re­
quired less than 0.5 oc of alkali. This titration gave the 
total amount of asetio acid present, from this value was sub­
tracted the amount of acetic acid resulting from the oxidation 
of the acetylmethyloarbinol. (l Mol aoetylmethyloarbinol -
2 Mols acetic acid). The interference of aoetylmethyloarbinol 
in this determination is a factor that has been disregarded 
or overlooked by many workers in this field. 
Volatile Acids. As the result of the qualitative 
analysis, it was found that the volatile acids to be deter­
mined were formi® and acetic. Any method for these acids can 
be no more exact than the method used for separating them from 
the non-volatile acids. There have been several methods sug­
gested for the detemination of formic acid based on Its re­
ducing power, such as that of Klein (1906) in virhich the 
neutralized acid is titrated with KMn04, and the method of 
Fincke (1913) based on the reduction of Hgplg to H^Olg which 
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la filtered and weighed. These methods could not be used con­
veniently in the present investigation, due to the interfer­
ence of aoetylmethylcarbinol which reduces both KI£nO^ and 
Hg Olg. 
The method adopted in this work was a oooblnation of 
the modifications of the Duclaus distillation suggested by 
Enetemann (1928) and Vlrtanen and Pulkki (1323)• The distil­
lation constants and the method of manipulation were those of 
Knetemann, the method of calculating the relative amounts of 
the volatile acids present was that described by Virtanen and 
Pulkki. The original articles should be consulted for the 
theoretical treatment and the essential details of apparatus 
and technic. The method is fe.irly precise for two volatile 
acids but much less so for threes 
The determination was carried out in the folloiTing man­
ner. A 500 oc portion of the alkaline fermentation mixture 
was evaporated to a volume of about 200 oc, made acid to 
Congo Red paper with 2^ SO^ and steam distilled. The in­
dicator paper was left in the solution and if, as sometimes 
occurred, after a few minutes the paper turned red, sufficient 
acid was run in through the steam inlet tube to turn the pa­
per blue again. The distillate was collected in a 2 liter 
flask. After 1200-1500 cc had distilled over, at intervals 
the flask was removed and the distillate collected ii? a test 
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tube containing 1 drop of 0*1 H alkali. When more than 5 co 
of distillate were required to decolorize the indicator, the 
distillation was stopped. The distillate was then gently 
tjoiled for 15 mlnutefl under a water cooled reflux condenser at 
least 70 cm. long, fitted at the top with a sods^-lirae tube, to 
drive out any dissolved OOg. The contents of the flask were 
allowed to cool in the apparatus and then made up to 2 liters 
with COg-free distilled water. A 50 cc portion was then ti­
trated with OiOSLl H Ba(0H)2 to determine the total acidity, 
using phenolphthalein as indicator. A 400 cc portion of the 
acid solution was placed in the distilling flask with 2.5 g. 
of granular pumice stone, a^d distilled at the rate of about 
50 cc in 12 minutes. Each 50 cc portion as collected was ti­
trated with 0.0611 H BaCOH)^. The distillation values calcu­
lated for the pure volatile acids by Knetemann are given in 
Table TII. 
TABLE VII. 
DISTILUTIOII VALUES OF THE PUBS VOLATILS ACIDS (KHETSIMI)) 
Sis-* i f Acid in Distillate 
tilledt 
from 
400 
CO 
Formic:Aceticj Propi-: Butyrio 
Aoid JAcid : onic » Acid 
J s Acid : 
VaXerio 
Acid 
oaproicj Oapryllc 
Acid ; Acid 
• 
50 4.7 : -.8*2 J 15.9 ; 23.0 33.8 42.1 : 69.1 
100 lOiO : 16. 8 31.0 ! 42.7 58.6 69.0 J 91.9 
150 16.0 ! 26.1 45.6 : 60.0 76.4 85.4 s 98.3 
200 22.6 : 36.1 59.3 : 74.0 88.3 94.2 : 99.8 
250 30.5 1 46.9 72.1 1 85.2 95.2 98.2 I 100.0 
300 40.1 : 59.1 83.5 ; 93.3 98.6 99.7 ! -
350 53i7 J 73.9 03.3 X 98.3 99.8 100.0 : -
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The amount Of each acid present is calculated by means 
of the fol^-owing equatioiis: 
A B - % 
jgg. A + bAOO B = Zi 
where A s Bo« cc of acetic acid 
B s So. 00 of formic acid 
Z = total acidity of 400 oc portion in terms 
of the alkali used. 
2^= Ifo. oc of alfeali required for 200 oc. 
a r distillation value for 200 cc pufie acetic 
b - distillation value for 200 cc pnre formic 
The distillation values obtained for each of the four 
fermentationis are given in Table ?IIX. 
TABm nil, 
THE DI8TILMTI0H VALUES OBTAISSD FOH THIS MIXTURES OF V0LATILI3 
ACIDS PRODUaSD BY FERMSITTATlOH. 
CO Xylose Sucrose 
Distilled Aerobic ; Anaerobic t 
• 
Aerobic Anaerobic 
50 6.2 • 11.7 6.7 7.5 
100 12.8 
• » 
j 23.0 T 12.5 15.4 
150 19.7 
• • 
t 34.1 : 18.8 33.6 
200 27.0 
: : 
: 44.7 : 25.9 32.1 
ByncoE^iaring these values with the values for the pure acids 
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it is evident tliat tlie only series whicli does not lie between 
the values for formic and acetic acid is that obtained in the 
anaexohic xylose fermentation. The high values indicate the 
presence of some acid higher than acetic, and the character­
istic odor of butyric acid wag very evident. In this experi­
ment tie amount of butyric acid was calculated from the follow­
ing equations: 
A + B • 0 — 2 
aVlOQ A A b'/lOO B • c»/iOO 0 « 2», 
a/lOO A ^  b/100 B • cAOO C s Z, 
rrhere 
As No. cc of acetic acid. 
B - J^ o. cc of formic acid. 
C - Ho. cc of butyric acid. 
Z  = total acidity of 400 GO portion in terras of 
the alkali used. 
2'I - No. CO alkali required for 100 oc of distillate 
3i - Ho. cc alkali required for 200 cc of distillate 
a' a distillation value for 100 oc pure acetic, 
b* s distillation value for 100 cc pure formic, 
c* - distillation value for 100 cc pure butyric, 
a, b, c s corresponding values for 200 cc. 
Honr-Volatile Acids. The residue from the steam dis­
tillation of the volatile acids was mixed "srith about 15 grams 
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of SagSO^ and extracted with ether for 72 hours in the appar­
atus previously described (Fig. 2). The ether extract ims then 
mixed with 400 cc of distilled water and the ether evaporated, 
fhe solution was then boiled for about 10 minutes and titrated, 
while hot, with 0<»2487 I Ba(OE^ using phenolphthalein as indi­
cator, The solution was then carefully evaporated to a vol­
ume of about 100 cc, and then mixed with 400 oc of 9^ ethyl 
alcohol, -After standing for 2 days the precipitate of barium 
succinate was filtered off in a weighed Qooch crucible, dried 
for an hour at 100°, cooled in a desiccator and weighed. One 
gram of barium succinate s 0.4657 grams of succinic acid. By 
knowing the total amount of Ba(CH)2 required for the nort-
volatile acids, and the weight of barium succinate, the amount 
of lactic acid can be calculated by difference. 
4. Results of analysis. The results obtained in the 
analysis are given in Table IX, which gives the amount of the 
substance produced in grams and the percent yield based on the 
carbon content. The values obtained from each sugar under 
aerobic and anaerobic conditions should be cou^jared rather 
than the mlues for xylose and sucrose. The reason for this 
is that the two xylose fermentations were run parallel as 
were the two sucrose feSmentations. It will b« noted that no 
butyric acid was found in the anaerobic sucrose fermentation 
while 4,4^ was obtained in the anaerobic xylose fermentation. 
This difference is believed to be due, not to an inherent dif-
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TABLE IX. 
THE RSLATIVS AMODSTS OF THE PR0DIX3TS FOHMED OHDER AER03I0 AHD 
AMSROBIO OOKDITIOHS FROM XTLOSS ASD S03ROSS). 
i Xylose Sucrose 
: Aerobic IAnaerobic 
• • 
Aerobic Anaerobic 
^ 'GramsI Grams f ^ Grams f  
OO2 512•10 41.3: 7.7S:26.5 
• • « 16.439; 53. 5 10.550 34.2 
> • 
2-3,Buty- : 
lene Glycol : 2,11 
: : 
» * 
14.1: 2.73:18.2 
V ' ' 
't 
-• 
' II ' 
3.024:19.2 3.331 21.0 
* 
• 
Acetylaethyl*-
carbinol : 0.52 3.5 
: : 
: : 
0.05: 0.3 
• 
• 
1.288: 8.4 0.113 0.7 
• 
liJthyl : 
Alcohol : 1.26 8.2 
4 
• 
2.58:16.8 
• 
« 
2.252!14.1 3.862 23.9 
• 
Formic Acid : 0.76 2.5 0.14! 0.5 
a 
0.427: 1.3 0.534 1.6 
• 
Acetic Acid : 0.48 2.4 
• 
1.05: 5.2 
• 
G.205: 1.0 1.357 6.4 
: : 
Butyric Acid: Hones 0.0 0.65: 4.4 
• 
Hone : 0.0 lone* 0.0 
* • 
Lactic Acid J 0»23; 1.1 
• 
2.53:12.6 
• 
0.455: 2.2 2.858 13.6 
Succinic i 0.34: 1.7 
Acid : : 
f 
0.09: 0.5 
» 
0.332: 1.6 
• 
0.534 2.6 
: : 
Susar Unused: 0.00: 0.0 
' • 
0.00: 0.0 
•' 
0.(B5: 0.51 0.000 0.0 
•7 /i. /o 1.  C / •}  
^ This may have been d ue to a slight dlfferenoe in 
teehiiiqae. The medium was aerated for about three hours after 
cooling instead of during the process of cooling. 
ference in the two fermentations but to a difference in tech­
nic used. In the xylose fermentation the medium was cooled 
wMle the hydrogen was passing through ib, while in the su­
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crose fermentation the solution "was cooled before being aer­
ated with, hydrogen. 
The results in the table show that the relative amounts 
of certain of the products are different when formed under aer­
obic and anaerobic conditions. Some of the differences are 
not believed to be of special significance beaause of analyti­
cal difficulties and variations in individual cultures. The 
last point has been particularly eaaphasized by Pederson and 
Breed (192S). Among the significant variations the following 
may be noted. Regardless of whether the sugar fermented is 
xylose or sucrose, anaerobic conditions decrease the production 
of OOq and acetylmethylcarbinol, while the yields of 2-3, buty-
lene glycol, ethyl alcohol, secetio acid and lactic acid are in­
creased. fhe increase in production of lactic acid is es­
pecially striking. 
It is apparent that when orgai^lsms of the type of 
Aerobaoter faeni are used in the large scale production of 2-3, 
butylene glycol and lactic aoid, anaerobic conditions will 
give much higher yields. 
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V, DISOUSSION 
The fact that only the substances mentioned in the pre-
oeeding sections have heen identified does not preclude the 
possibility of other substances being present in very small 
amounts. Undoubtedly other chemicals are present, some, as 
end products of the fermentation, more, however, as intermed­
iary compounds whose presence is transient. A study of the 
latter compounds is of utmost importance in explaining the 
mechanism of the fermentation process. However, a study of 
the mechanism of fermentation is beyond the scope of this in­
vestigation, It may be mentioned in passing that any theory 
as to mechanism to be acceptable must satisfactorily explain 
the variation in amounts of individual products with changes 
in environment such as has been found in the present investi-
gat ion. 
In connection with the qualitative analysis there are 
several points which should be subjected to further study. 
?;alpole (1911) found that the 2-3, butylene glycol produced by 
Bacillus lactis aerogenes from sugar was a mixture of several 
isomeric mbdifications* His results led him to believe that 
the mixture was composed of 90^ of an optically inactive form 
whose diphenyl urethane derivative melted at 199.5°, but his 
experiments gave no indication whether this inactive form was 
the meao- or raoemio-isomer. From the other 10^ of the mix-
51 
tore li$ obtained another Inactive tora wlaicli gave a dipheayl 
^etlbcane witli a meilting point of 157® • Sinoe Ms glycol pre­
parations were optioally active, apparently some of the opti­
cally axjtive isomer was present. Boeseken and Oohen (1928] 
made a very con^ lete study of the configuration of the 2-3^  
•butylene glycols# They examined a saBple of the glycol pro­
duced by fermentation and found ttot it was composed of a 
large proportion of the iaieso-isomer and small amounts of the 
Optically active and racemio forme. The nature of the 2-3, 
butylen© ^ ycol produ/^ed by Iferobaoter faenl slK)uld be studied 
along similar lines. Another point to be cleared is the 
optical activity of the aoetylmethylcarbinol produced in this 
fermentation. A third problaa to be investigated js the ex­
amination of a large amount of the lactic axjid produced by 
Aerobacter faenl to discover ijhether or not the levo-isomer is 
the only one prese3sfe» 
In conn^tion with thg quantitative investigation, a 
determination which should be made is the ratio between the 
amounts of eacbon dioxide and hydrogen, under both aerobic and 
anaerobic conditions* St was omitted from the present work 
because of the procedure which was i;:ffied in maintaining an­
aerobic conditions. 
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71. SUMMAKT. 
It lias been slu5wn that Aerobaoter faeni groiijs well on a 
siBtple medium cont^ning ammoniusi chloride as the sole source 
of aitiogen, k qualitative analysis has shown that the same 
products are formed from both xylose and sucrose, The pro­
ducts ijhich have been Identified are aoetymethyloarbinol, 3-3, 
butylene glycol, ethyl alcohol, formic aoid, aoetio acid, 
butyric acid, 1-laotic acid, succinic acid, hydrogen car­
bon <iipxlde« fhe relative amounts of these products (except 
hydrc^en) produced under aerobic and anaerobic conditions have 
been studied. 5he results show that the amounts of certain 
products do depend on these conditions. It Bould appear that 
when organisms of the type of Aerobacter faeni are used in the 
large scale production of 2-3, butylene glycol or lactic acid, 
anaerobic conditions will give much higher yields. 
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